Due to the great liquid energy concentrated at the nozzle and strong turbulence in the vessel, the liquid-phase spouted vessel is highly effective in fluidizing or dissolving solid particles5>6) and dispersing gas bubbles7j8). It was reported in a previous paper that large gas hold-up was easily obtained in the gasliquid spouted vessel. In this report, the bubble size distribution in the gas-liquid spouted vessel is reported.
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Experimental
Diameter and height of the spouted vessel used in this study were 15 and 142cm, respectively. Cone angle was 60°and nozzles of 10, 13, 16 and 25mm
in diameter were tested. The details of gas-liquid spouted vessel were shown in the previous paper7\
Tap water was used as liquid and the gas was air in this study. Liquid flow rates were 0 to 50 liter per min. and gas flow rates were 5 to 80 liters per min. Liquid temperature was set at 25°C.
Photographs were taken at a point 60cm above the nozzle outlet through a square windowto eliminate errors due to the curvature of the vessel wall.
The position where pictures were taken corresponded to the lower part of the calm uniform flow section of the liquid-phase spouted vessel. A 16mm highspeed cine-camera was also used to measure the size of large gas bubbles. Representative bubble diameter was calculated as d,=V dn xdi2 (2) where da and di2 were long and short axis of ellipse, re spectively.
Results and Discussion
The various properties obtained for the swarmof bubbles in the spouted vessel are shown in Table 1 .
It is known from the standard deviation a in this It is interesting to know that bubble size distribution in the gas-liquid spouted vessel is well represented by a normal distribution curve as shown in Fig. 1 . The standard deviation in the gas-liquid spouted vessel is given by the following equation in the range of this experiment:
( 2) where Lc is the critical liquid flow rate for gas spouting, already correlated in the previous paper7\
The calculated values of the standard deviation As the change of arithmetic mean bubble diameter with liquid flow rate is small, as shown in Table 1 , m.uiti can be also used as an approximation of dm for the spouted vessel under insufficient spouted condition or for the aerated tower using a single-nozzle sparger.
As a result, the bubble size distribution curve in the air-water system gas-liquid spouted vessel can be expressed by normal distribution curve f(X) as /(X) =exp (-(X-dm!Uluy/2o>)/aV2x (4) It maybe convenient to have a correlation for the approximate value of the Sauter meanbubble diameter dsm, as it is not easy to get dsm from Eq. (4). Change of dsm is compared with the average ascending velocity of gas bubbles relative to liquid in Fig. 4 and the following relation is obtained in the range of this experiment :
A similar relation was reported by Taylor and Davies10) for bubbles rising in water as ub=0Jll\/gdsm.
The average ascending velocity of gas bubbles relative to liquid can be calculated by
where ug and ux are superficial gas and liquid velocity, respectively.
As Hg can be estimated at various operating conditions in the way reported in the previous paper7\ ub can be calculated using Eq. (6). Then the approximate value for dsm can be estimated by Eq. (5) at various operating conditions. As can be seen from Fig. 1 , bubbles smaller than lmm account for more than 15%, and there are some bubbles larger than 1 cm in the aerated tower using a single-nozzle sparger. Bubbles smaller than 1 mmare not effective in gas absorption. They stay dispersed in the vessel for a larger time than needed for complete absorption, so that these bubbles are inactive and may be called dead bubbles4}. Bubbles larger than 1 cm are also ineffective because of the fast ascending velocity.
Bubbles of 2 to 5mm in diameter are recommended by Calderbank and Moo-Youngas highly effective in gas absorption1\ These bubbles account for more than 95% of the total, and no bubbles smaller than 1 mmnor larger than 1 mmare observed at all in the gas-liquid spouted vessel.
Conclusion
1) Bubble size distribution in the gas-liquid spouted vessel is shownby the normal distribution curve with a sharp peak at about 3 mm,and a correlative equation valid for the air-water system gas-liquid spouted vessel is obtained.
As the dimensionless variance of gas bubbles in the gas-liquid spouted vessel is less than 0.03, the bubble population can be treated as one of uniform size.
2) The relation between the average ascending velocity of gas bubbles and the Sauter mean bubble diameter is shownby Sci., 16, 39 (1961) .
2) Eguchi, W., S. Shiota and M. Mori: Kagaku Kogaku, 34, 755 (1970) .
3) Leibson, I., E. G. Holcomb, A. G. Cacoso and J. J. Jamie: AIChE J., 2, 296 (1956 Annual Meeting of The Soc. of Chem. Engrs., Japan, Nagoya, 1975. 9) Tadaki, T. and S. Maeda: Kagaku Kogaku, 27, 402 (1963) . 10) Taylor, G. and R. M. Davies: Proc. Roy. Soc. London, Ser. A, 200, 375 (1950) . The concentration dependence of permeation rate / through the membranediffers according to the sorts of fluid on the upstream side of the permeation membrane (gas or liquid metal). When the fluid on the upstream side is gas, hydrogen partial pressure P is proportional to concentration C. It has been presented3"^that the permeation rate of a hydrogen isotope
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